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Abstract. In the last years there is an increasing land surface that suffer degradation 
processes due to different types of erosion. Studies showed that there are a lot of classic and modern 
methods used for erosion control of the areas, but the cost-efficient of the implementation process it 
differs depending on many factors. The aim of the research was to study the economic efficiency of 
5 alternative technologies used to stabilize a 100 m2 degraded slope with a gradient of 35%. The 
results showed that the variant of using biodegradable net is the most advantageous method, however 
for a pleasant and aesthetic appearance that integrates into rural or urban landscape it is recommended 
the use of specific ornamental shrubs. 
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INTRODUCTION  
 
It is well known that a vegetation free terrain is permanently exposed to degradation, 
caused by erosion. Erosion control is intended to provide surface slope stability to protect the 
face of the slope and to strengthen portions of the slope below the surface by interlocking 
soil particles (Petrone and Prety, 2010) with a complex with mechanical reinforcement of 
soils through a matrix of roots (Stokes et al., 2009; Mulyono et al., 2018) or combined 
technologies. Therefore naturalistic approach for slope stability has been more and more 
studied and experimented, that combine several geotechnical engineering methods with 
different types of vegetation (Pierra et al., 2016) Some of them are widely used for 
controlling soil erosion until vegetation growth is sufficient to reinforce the soil and for their 
biodegradable properties and effectiveness as a cover conducive to plant growth (Midha et 
al., 2014; Kalibová et al., 2016). 
 
MATERIAL AND METHODS 
 
 In the last years, there have been several new methods used for stabilizing slopes, 
but it has been noticed that most of them offer unsightly solution for the slope improvement. 
Among the different (classical and modern) anti-erosional methods for stabilizing degraded 
slopes, we analyzed for the economic study 5 representative alternative tehnologies: 
ornamental shrubs, willow spilling, biodegradable jute netting, soil guard and grasscrete 
technology, used in the prevention of eroded slopes that have a role in the control of soil 
movement and slope stability. 
 The calculations were made for a surface area of 100 m2 with a slope gradient of 
30%, on a silty-clay soil, which shows, after the proposed classification by Moțoc (2002), 
that the study slope is characterised as steep (26-40%). For each variant used and have been 
synthesized in the form of tables that include the prices of the applied tehnnology, as follows: 
the price of materials and the cost of supply, manual labour needed for work completion, the 
rent for the equipment for the methods that require mechanized work.  
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RESULTS AND DISCUSSIONS 
 The first method studied, with ornamental shrubs has counted a number of 177 
specimen of shrubs from 10 ornamental species: Cornus alba, Ligustrum vulgare, Berberis 
thunbergii, Hypericum calycinum, Euonymus fortunei, Juniperus horizontalis, Forsythia 
suspensa, Pyracantha coccinea, Lonicera pileata şi Cotoneaster horizontalis with the 
price/piece of 8,5 lei.  
 The plotholes have a dimension of  30×30×30 m, which represents 0,027 m3 of 
excavation soil. At a average of 177 planting pits, the dug soil totals a quantity of 4,78 m3. 
Therefore the price of digging pits for further planting of ornamental shrubs is 64,64 lei. The 
blanting of shrubs with root ball, as well as their watering is evaluated at a total 3 hours 
work, which means a labour work of 17,64 lei. 
 Analysing Table 1 it can be noticed that the general cost of planting of a sqm slope 
with arbustive vegetation amounts to 21,019 lei.  
 
Table 1 
Costs for stabilization of degraded slope with ornamental shrubs 
 
No. Costs 
Materials 
(Lei) 
Manual labor 
(Lei) 
Equipmen
t 
(Lei) 
Total 
(Lei) 
1. Direct costs 1504.50 82.28 0.00 1586.78 
2. Provision costs (20%) 300.90 - - - 
3. 
Contributions to social 
insurance (20.8%)  
- 17.11 - - 
4. 
Unemployment fund 
(0.5%) 
- 0.41 - - 
5. Health (5.2%) - 4.28 - - 
6. Accidents (0.27%) - 0.22   
7. 
Guarantee fund for salaries 
(0.25%) 
- 0.21 - - 
8. Accindent fund (0.25%) - 0.21 - - 
9. 
Contributions to sick leave 
(0.85%) 
- 0.70 - - 
SUM OF DIRECT COSTS 1805.40 105.42 0.00 1910.82 
Indirect costs 10% - - - 191.08 
TOTAL COSTS - - - 2101.90 
 
The classical anti-erosional method, used in this study was to stabilize eroded slopes with 
willow spilling tehnology. The required materials for this variant are: wood stakes, willow 
branches, galvanized wire, used to fix the twigs on the wood stakes. The stakes are fixed in the 
terrain at a distance of 0,5 m on the level curve and at 1 m between rows. The total cost of the 
materials reaches the amount of 1230,00 de lei, while manual labour rises to the price of 376,36 lei 
in the case that for a meter of willow spilling tehnology it is necessary a time of 0,64 h. By 
analysing the data from Table 2, the method used to control erosion with willow spilling is 
with 52 lei more expensive than the tehnology by using vegetation 
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Table 2 
Total costs for stabilization of degraded slope with wattle fence technology 
No. Costs 
Materials 
(Lei) 
Manual labor 
(Lei) 
Equipment 
(Lei) 
Total 
(Lei) 
1. Direct costs 1230.00 376.32 0,00 1606.32 
2. Provision costs (20%) 246 - - - 
3. 
Contributions to social 
insurance (20.8%)  
- 78.27 - - 
4. 
Unemployment fund 
(0.5%) 
- 1.88 - - 
5. Health (5.2%) - 19.57 - - 
6. Accidents (0.27%) - 1.02 - - 
7. 
Guarantee fund for salaries 
(0.25%) 
- 0.94 - - 
8. Accindent fund (0.25%) - 0.94 - - 
9. 
Contributions to sick leave 
(0.85%) 
- 3.20 - - 
SUM OF DIRECT COSTS 1476 482.14 0.00 1958.14 
Indirect costs 10% - - - 195.81 
TOTAL COSTS - - - 2153.96 
 
The third method used in this survey consist of biodegradable jute netting and 
hydroseeding, used to cover slopes with slope face gradient 1:1.5. The materials used for  
this method were: jute netting was of cea prin amenajarea taluzurilor degradate cu 
ajutorul plasei biodegradabile din iută 18×15 mm/500g/m2, 100 pieces of stakes to fix the 
biodegradable netting and 3 kg of grass seed. Expenditures for materials amounted to 946.40 
lei, as it follows: 848.00 lei for 100 m2 of jute netting, 44.46 lei for 100 pieces of stakes used 
to fix the netting (100 buc×0.078 kg/buc×5.7 lei/kg) and 53.94 lei for the purchase of 3 kg 
grass seed. 
Table 3 
Total costs for stabilization of degraded slope with jute netting technology 
No. Costs 
Materials 
(Lei) 
Manual labor 
(Lei) 
Equipment 
(Lei) 
Total 
(Lei) 
1. Direct costs 946.4 71.74 0.00 1018.14 
2. Provision costs (20%) 189.28 - - - 
3. 
Contributions to social 
insurance (20.8%)  
- 14.92 - - 
4. 
Unemployment fund 
(0.5%) 
- 0.36 - - 
5. Health (5.2%) - 3.73 - - 
6. Accidents (0.27%) - 0.19 - - 
7. 
Guarantee fund for salaries 
(0.25%) 
- 0.18 - - 
8. Accindent fund (0.25%) - 0.18 - - 
9. 
Contributions to sick leave 
(0.85%) 
- 0.61 - - 
SUM OF DIRECT COSTS 1135.68 91.91 0.00 1227.59 
Indirect costs 10% - - - 122.76 
TOTAL COSTS - - - 1350.35 
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The workmanship on this type of method consists in fixing and stretching the 
biodegradable netting in about ten hours of work, sowing with perennial herbs (2.2 hours) 
with a total cost of 71.74 lei. Table 3 shows that the total cost of setting up a slope with an 
area of 100 m2 amount to 1350.35 lei, being a less costly method than the other variants but 
with a low aesthetical value compared to arbustive vegetation slope control method. 
One of the newest degraded soil stabilization technologies studied for comparative analysis 
of fitting costs (Table 4) is the ”soil guard” system (organic fiber matrix). 
  
Table 4 
Total costs for stabilization of degraded slope with soil guard technology 
No. Costs 
Materials 
(Lei) 
Manual labor 
(Lei) 
Equipment 
(Lei) 
Total 
(Lei) 
1. Direct costs 2684.00 11.7  0 2695.7 
2. Provision costs (20%) 536.80 - - - 
3. 
Contributions to social 
insurance (20.8%)  
- 2.43 - - 
4. 
Unemployment fund 
(0.5%) 
- 0.06 - - 
5. Health (5.2%) - 0.61 - - 
6. Accidents (0.27%) - 0.03 - - 
7. 
Guarantee fund for 
salaries (0.25%) 
- 0.03 - - 
8. Accindent fund (0.25%) - 0.03 - - 
9. 
Contributions to sick 
leave (0.85%) 
- 0.10 - - 
SUM OF DIRECT COSTS 3220.80 14.99 0 3235.79 
Indirect costs 10% - - - 323.58 
TOTAL COSTS - - - 3559.37 
 
Analyzing table 4 it can be noted that the total cost of setting up a slope through this 
method of consolidation amounts to 3559.37 lei, far exceeding the other methods described 
above. 
The total value of the materials used for the 100 m2 take into account is 2684 lei, the cost of 
one m2 being 26.84 lei. The workmanship for this variant has the lowest cost of 11.70 lei 
compared to the other methods studied. The product application has been done using 
hydroseeding technology, therefore in the cost analysis a machine (tank with hydraulic 
pump) for spreading the elms fiber mulch has been introduced (150 lei/h). 
The cost to stabilize a degraded slope with vegetation concrete grid is shown in Table 5. 
As can be seen from the table, the most expensive solution of those presented is 
concrete grid with vegetation (concrete grass). This type of land consolidation is applied to 
sandy, unstable soils for which the system behaves like an armor. 
Designing a slope with this system consist of the placement of 278 pieces of concrete 
grass formwork with the dimensions of 600×600×72 mm on the slope and welded mesh 
fixing (8 pieces) over them and pouring the concrete (6,45 m3). After the concrete (C12/15) 
has hardened, the shell melts with a methane gas lamp and the resulting holes are covered 
with fertile soil and sown with perennial species.  
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Workmanship amounts to 207.53 lei, and the concrete pump has a price of 140 lei/ 
h. The total cost of this technology amounts to 7926.26 lei, being about three times bigger 
than the method with ornamental shrubs. 
Of all consolidation methods of a degraded slope analysed with an surface of    100 
m2 analyzed, it can be seen that the technology of using biodegradable net applied to the 
eroded slope is the most advantageous method. 
 
Table 5 
Total costs for projecting a degraded slope with concrete grass technology 
No. Costs 
Materials 
(Lei) 
Manual labor 
(Lei) 
Equipment 
(Lei) 
Total 
(Lei) 
1. Direct costs 5666.50 207.53 140.00 6014.03 
2. Provision costs (20%) 1133.30 - - - 
3. 
Contributions to social 
insurance (20.8%)  
- 43.17 - - 
4. Unemployment fund (0.5%) - 1.04 - - 
5. Health (5.2%) - 10.79 - - 
6. Accidente /  Accidents (0.27%) - 0.56 - - 
7. 
Guarantee fund for salaries 
(0.25%) 
- 0.52 - - 
8. Accindent fund (0.25%) - 0.52 - - 
9. 
Contributions to sick leave 
(0.85%) 
- 1.76   
SUM OF DIRECT COSTS 6799.80 265.89 140.00 7205.69 
Indirect costs 10% - - - 720.57 
TOTAL COSTS - - - 7926.26 
 
However, since the aim of the research was to find a way to stabilize degraded slopes 
and to provide an aesthetic effect that harmoniously integrates into rural or urban landscapes 
for sandy loam and clay loam soils the first method analysed is recommended. Eroded slope 
stabilization by using vegetation is an environment-friendly, cost-effective, aesthetical and 
sustainable engineering measure. 
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